To construct an energy saving airflow-controlling system for Doyang sewage treatment plant, the factors affecting airflow of the influent was analyzed in this study. This research analyzed the operation data of Doyang sewage treatment plant for 912 days.
INTRODUCTION
The first sewage treatment plant was Joongrang constructed in 1976, the interest in investment in sewage treatment falls behind unlike other urban infrastructures. However, the capacity of sewage treatment plant in Korea was enlarged to 24,987,000 tons/day as of 2011, which is 90.7% distribution rate of sewage treatment system over the country (Statistics of Sewerage 2011) .
The processes of sewage treatment also improved from activated sludge system whose target is only removal of organic matters to advanced sewage treatment systems which can remove nutrients and hazardous matters. Moreover, the application of advanced sewage treatment system is increasing to remove total phosphorus and nitrogen in line with the Four Major Rivers Restoration Project of the government.
Compared to the improvement of the sewage treatment process, the operational management techniques of sewage treatment plants fall behind. Until now, design and construction of sewage treatment plants were the primary objectives and investments were focused on the estimation of necessary constituents. As the development of sewage treatment process is reaching the limit, focus should be given to the technique of operation and maintenance more.
Since sewage treatment processes are biological, it is able to adapt to the external physical changes. However, biological reactions are very complicated and it is difficult to understand the behavior of microorganisms. In order to understand the behavior and state of microorganisms, great amount of analysis and time are required.
Because the loading rate and conditions of processes are constantly changing and the measuring method of BOD 5 , COD, SS, T-N and T-P takes 1hour to 5 days, it is hard to measure the continuously changing influent load. For this reason, problems cannot be found until it happens when it is overloaded. (Jung et al. 2007) To avoid these problems, the reactors used to be designed larger than it needed, and aeration was oversupplied to prevent from lack of DO. As a solution, process diagnosis system using mathematical modeling is being developed to gain economical and time saving advantages. (Kim et al. 2008) Because it is a lack of systems controlling airflow effectively according to loading rate, the air supply is either overloaded or lacking. To solve this, the study was made at Doyang sewage treatment plant for 912 days. From the study, the main factors to decide airflow are water temperature, F/M ratio, BOD 5 , flow rate and loading rate of T-N. And also, dynamic range of airflow to keep DO concentration found out to be wide in a country with four seasons like Korea. (Kim et al. 2013) This paper collected and analyzed indicators from Doyang sewage treatment plant. And also, it provides the idea and guidelines of O&M systems for sewage treatment plants by estimating and evaluating the effect of increased airflow of blowers, as well as response strategy.
MATERIALS AND METHODS
This research analyzed the operation data of Doyang sewage treatment plant, which is in normal operation, from January 1 st , 2011, through June 30 th , 2013. During the research, airflow was changed to keep DO concentration of the bioreactor at the operational standard at 2.0 mg/L and DO concentration of bioreactor aeration tank was kept at average 2.1 mg/L. Three blowers were used and two of them were on/off control system while the other's airflow was controlled by an inverter. Doyang sewage treatment plant, constructed in April 2005, is located in Doyang, Go-Heung, Cheolla-do, Republic of Korea and it is in sixth year of operation with discharge water of sewage at stable level. Doyang sewage treatment plant is using separated sewer system and its capacity is 4,000 m 3 /d using TEC-BNR (Taeyoung External Carbon addition Biological Nutrient Removal) process. The panorama of the test bed as seen in Figure 1 .
TEC-BNR process is a post-denitrification process that is comprised of anaerobic tank, aerobic tank#1, anoxic tank, aerobic tank#2, and precipitation tank. External carbon source required for post-denitrification such as organic acid created by hydrolysis and acid fermentation of food waste removes nitrogen and phosphorus without inner circulation. The process diagram is presented in Figure 2 . However, due to the effect of external carbon created with food waste with un-decomposed organic sources, this research does not include food waste and other livestock waste water for the stability of the research.
pH, temperature, concentration of BOD 5 , COD Mn , SS, T-P and T-N of Influent and effluent were measured. Measurements of temperature and DO were taken with DO meter (Model YSI 58) and BOD 5 , COD Mn , SS were measured according to the Standard Methods for the Examination of Water and Wastewater. T-P, T-N were analyzed by absorption photometry. Organic removal and nitrification took place in the aeration tank#1, and the measurement of DO, pH, and water temperature is taken on site. Airflow was measured with the electronic airflow measurer installed in the air pipe. The MLSS of aeration tank was measured according to the Standard Methods for the Examination of Water and Wastewater. The details of measurement method are presented in Table 1 .
RESULTS
Changes of airflow were analyzed with changes of loading rate, flow rate, water temperature and MLSS of the bioreactor to keep DO at 2.0 mg/L. Results are as shown in Table 2 .
Effluent quality
When bioreactor's DO was maintained at 2 mg/L, the quality of effluent was kept at 3.4(1.7-5.1)mg/L of BOD, 10.6(6.9-18.4)mg/L of COD Mn , 4.4(1.2-9.0)mg/L of SS, )mg/L of T-N, and 1.044(0.316-1.670)mg/L of T-P. During the research, the quality of effluent was as presented on concentration of bioreactor varies slightly between 1.2-3.0 mg/L. This is due to the fact that operators tried to maintain DO concentration at 2.0 mg/L. Three air blowers were controlled by either on/off controlling system or inverters. During research, bioreactor's DO concentration was maintained at an average of 2.1 mg/L. The abnormal data collected for 13 days before stable period when DO concentration fell below 1.0 mg/L or rose above 3.0 mg/L was not included. Even when airflow was increased above 1200.0 m 3 /h, the DO concentration was maintained at an average of 2.2 mg/L and maintained at 2.0 mg/L when the airflow was below 600.0 m 3 /h. The relation between the DO concentration of bioreactor and the airflow is presented in Figure 5 . As seen on the figure, the increase in airflow does not seem to have direct correlation with the increase of DO concentration and the trend line shows that DO concentration drops slightly as airflow rate increases. The result shows that DO is highly affected by changes of oxidation of organic, nitrification, respiration of microorganism, dissolution rate in accordance with water temperature.
The relation between organic matter load and airflow
The result showed that an increase in BOD 5 load seemed to slightly increase airflow. The relation between BOD 5 treatment load and airflow is presented in Figures 6 and 7 . 1 kg of BOD 5 load requires 
where, C BO is BOD 5 concentration in the influent (mg/L), C BE is BOD 5 concentration in the effluent (mg/L), Q in is flow rate (m 3 /Day), N in is NOx-N loading rate at the anoxic tank (kg/Day), N out is NOx-N loading rate at the anoxic tank (kg/Day), 2.86 is BOD 5 required for Unit NOx-N (kg BOD 5 /kg NOx-N), 0.6 is oxygen required for removal of Unit BOD 5 (kg O 2 /kg BOD 5 ). Relation between nitrogen load and airflow
An increase of T-N load seems to be proportional to airflow rate. The width of dynamic range of airflow was greater with T-N than with BOD 5 . The trend is shown in Figures 8 and 9 . The Standard of sewer design indicates that 42 m 3 is required for nitrification of 1 kg of T-N, but it requires only 20 m 3 at Doyang sewage treatment plant.
The oxygen consumption to nitrify indicated at the Standard of sewer design requirement can be shown as following Equation (2) where, C TN is T-N concentration in the influent (mg/L), α is ratio of C TN that is subject to nitrificationdenitrification (provided, α:0.7-0.8), 4.57 is oxygen required for nitrification of unit NH 4 -N (kg O 2 /kg NH 4 -N).
Oxygen consumption of endogenous respiration (auto-oxidation)
According to the Standard of sewer design, if MLSS in a bioreactor is increased by 1,000 mg/L(aeration tank volume 733 m 3 ), additional 88 g O 2 /d DO concentration is required for auto-oxidation. If it is converted to airflow, it requires 48 m 3 /h increase of airflow. However, an increase of MLSS does not seem to have direct relation of an increase in airflow at Doyang sewage treatment plant. During winter, it is usual to maintain MLSS concentration higher to lower F/M ratio. Airflow was decreased due to a decrease in loading rate in winter at the test bed. The trend of relation between the MLSS in a bioreactor and airflow varied as presented in Figures 10 and 11 . The oxygen consumption by endogenous respiration can be calculated by Equation (3) The relation between water temperature and airflow
The amount of oxygen required in a bioreactor is estimated by the sum(∑D) of following 4 oxygen supply levels: (1) Oxygen consumption by oxidation of BOD 5 , D B (Kg/Day), (2) Oxygen consumption by nitrification D N (Kg/Day), (3) Oxygen consumption by auto-oxidation D E (Kg/Day), (4) Oxygen supply required to maintain DO concentration D P (Kg/Day). The required airflow is estimated in accordance with the Standard of sewer design using Equation (4) (The Standards of Sewerage, 2011). The oxygen turnover rate of a diffuser is fixed at 0.15-0.3% depending on air diffuser. The key factor to estimate airflow is the water temperature, and an increase of 1°C(10-25°C) requires an additional 13.5 m 3 /h of airflow. However, it turned out, an increase of 1°C required an additional 45.3 m 3 /h of airflow at Doyang sewage treatment plant. As seen in Figure 11 , the trend of airflow is similar to the trend of temperature. The trend of relation between an increase of temperature of the influent and airflow is presented in Figure 12 .
where, T is air temperature, 1.29 is air density at 1 ATM, 0°C, (kg/m 3 ), 0.232 is oxygen level of air (kg O 2 /kg Air), η is oxygen turnover rate of air diffuser.
The relation between F/M ratio and airflow
Although F/M ratio is not one of the factors to estimate airflow, the result showed that it had a great correlation at this study. This is due to great change in temperature in Korea (dynamic range of inflow water temperature is 11.1°C-29°C). Also, great change in temperature affects flow rate and operational factor like MLSS and SRT of bioreactors. This increases F/M ratio, and affects the estimation of airflow because F/M ratio is proportional to airflow as seen in Figure 13 . 0.01 kg/kg · day increase of F/M ratio increased 1,200 m 3 of airflow in this study. The trends of airflow and F/M ratio is shown in Figure 14 .
CONCLUSIONS
After collecting and analyzing factors required to develop an operation controlling system at Doyang sewage treatment plant, the following conclusions were obtained. 
